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Abstract: Informationon the relationshipof heartwooddevelopmentto site quality,
cietitive index, treeage.andtreesizefor loblolly (PioustaedaL.) andlongleaf(P.

pulustri.’ Mill) pine is presented.Twenty-nine loblolly and 26 longleaf pine stands
representinga rangeof ageclasses(34) to 17(4 years)andsite indices(12 to 37 m) were
sampledin theSoutheast.At ageclass50, aportionof the loblolly pinegrowingon site
index 24 m and bettersitescontainedsufficient heariwood(=12.7cmat6.7 in) for red-
cockadedwoodpeckcr(Picaides borealis) (RCW) cavityactivity. None of the IongleaC
pinecontainedsufficientheartw~~until ageclass~) becausethe longleafpinesat age
50 were smallerdiametertreesthan the loblolly pines. Theaveragecodominantand
dominant loblolly pinecontainedsufficient beariwoodat ageclass70 on site index 27
m andbettersitesandfor all sitesby ageclass80. The averagelongleafpinecontains
sufficient heariwoodfor RCW cavityactivity on all sites at ageclass90.
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Knowledgeof the relationshipof site quality, competitiveindex, tree age,and

rate of growth to heartwooddevelopmentin loblolly and longleafpine is neededto
identify andnianagetimberstandswith high cavity tree potential for theendangered
red-cockadedwxxlpecker(RCW). Information is availableon foraging habitatand
treesselectedfor cavityexcavationby RCW clans Lennartzand Henry 1985)hut
little information is availableon what timber standsandtreeshavehigherpotential
for developinginto acceptablecavity treesat theearliestage.This paperdiscusses
the relationshipof site quality, competitive index, tree age.dbh, crown ratio, and

rate of growth on heariwood formation at 6.7 in above ground in lohIolly and
longleafpine sampledin the Southeast.Specificgravity of the inner 12.7 cm heart-
wood core and outer heartwood and sapwood are presented as indicators of the

difficulty of cavity excavationand comparedto specific gravity valuesof cavity
trees.

A cross-sectionof at least 12.7 cm of heartwood at cavityheight is needed to
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cnv-lop o,\t R( ‘W cavities. Cavitiescan heexcavatedinto sapwoodor acombina-
tion 0) bcartxvoodandsapwood.bttt it is rarely done. The RUW normally excavates
cavIties totally in heartwood (ft (I. Hooper. pers. commun.). The woodpecker

prelers redheart tI’/lclIimI.¶ pini) hcartwood infected trees for easier cavity excava-
tion (Jackson 1977.Connerand Locke 1982. Hooperetal. 1991). Redheart is present
infrequently in longleafpine <95 yearsold or in loblolly pine <75yearsold (Wahlen-
berg 1946. 1960). However,cavities have beenfound in trees 20 to 45 yearsyounger
(Shapiro 1983, Hopkins and Lynn 1971, Hovis and Labisky 1985). The decay:

~!rowtb rate model proposed by Hooper (1988)conceptuallyexplainsthe wide range
to ageof cavity trees. He suggestedthatwoodpeckersselectedtreesbasedon easeof
excavationandprojssedthe following hierarchy:(I) any growth rate with redheart
itttectedbeatiwood,(2) fast-growth rate with largejuvenile woodcore andsound
bcartwood,(3) averageor slow growth rate with soundheartwood.

Little researchhasbeenconductedon southernpine heartwoodformation as

intluetlce(l by environmentalfactors since the 1930s. The relative proportion of
heartwoodhasbeenreportedto vary directly with tree ageandnegativelywith rate
of growtlt 4 MacKinney andChaiken1935)andgenerallydecreasesin the bole with
tree beighl. Loblolly andlongleafpineswith largecrownsandrapidgrowthon good,
motst sites arereportedto containa smallerproportionof heartwood than treeswith
small crownstrom closely stockedstandson poordrier sites (Paul 1932, Bray and

Paul 1934).
This studywaspartially supportedwith funding from theU.S. Departmentof

Interior. Fish and Wildlife Service, Atlanta, Georgia, andUSDA Forest Service,
SouthernRegion. Fisheries,Wildlife andRange,Atlanta.

Methods

Standsrepresentingarangeof ageclasses(3() to 170 years)andsite indices(12
m to 37 Itt at baseage 50) were sampledfor heatiwoodand sapwoodcontent.
Loblolly pine stands(N 29) located on the OconeeNational Forest (NF) in
Georgiaandthe FrancisMarion National ForestandBelleW. BaruchForestScience
Institute I beawForest in Sottth (arolina weresampled.Sampledlongleaf stands
tN 2~) were locatedon the Francis Marion NF and HobeawForest in South
Carolina and the ‘lalladegaand(‘onecuh NF’s in Alabama.

Iwenty trees>23 cm dbh were randomlyselectedwithin eachstand. Dbh.
total height. and height-to-baseof full live crown were recordedfor each tree. A
competitive index or point density measurement(m2/ha) wasdeterminedfor each
tree using a It) HAF prism (Spurr 1962). Two. 12-mm increment cores were ex-
tracted liotn eachtree at breastheight. Five of the 20 treessampledin eachstand
wereclinibed, diameteroutside bark (dob) measured,and 2 5-mm incrementcores
lelttoved at 6.7 tu. On 3 of the loblolly plots thetreessampledat 6.7 m werealso
‘.aotpledat 9.8 ni for wood properties.

Olte corecollectedat 1.4. 6.7 and9.8 m wasdried, gluedin acore holder, and
saItde(l Lach core wasstainedusing a ben,.idine-sodiumnitrite solution to distin-
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golsh heartw od atid sapwood t K utsch~aand Sacks 1962). The age and length
of hcartwoodandsapwood was recorded for each core. A secondcore sampled at

eaclt lcvel wasdivided into 2 sections: I) 6.4 cm next to the pith—inner heatiwood
and 2) remainderof the core—--outerheartwoodand sapwood. Wood specific
gravity was detertninedfor eachsection.Age at 1.4 m was convertedto tree age
at stutup by adding 3 years for lohIolly pine and 6 years for longleaf pine.
Site index was (letertninedusing curves developedby the USI)A Forest Service
(19761.

Thirteen longleaf pine and 7 lobloIly pine treesblown over on the Francis
Marion NF by Hurricanehugo with active RCW cavitiesweredestructivelysam-
pled for wood properties.Thecavity treessampledwerenot a randomsampleof the
populationof cavity treeson the forest but a sampleof thecavity treesdestroyedby
the storm. Cross-sectionaldisks 3.8 cm thick were removed from each tree at

approximately(1.3 nt aboveandbelowthecavity. l)iameterof heartwood,sapwood
thickness,and specificgravity (if the inner hearwoodcore,outer heariwood.and
sapwoodweredetenninedfor the disks collected from cavity trees

Correlationcoefficientstr) weredevelopedto evaluatetherelationsfip of heart-
wooddiatneterandsapwoodthicknessat 6.7 tn to tree age.dbh. growth rate, crown
rati(l. site index, andcompetitive index A linear equationwasdevelopedfor each
speciesto predict diatneterof heatiwood and sapwoodthicknessat 6.7 m from
variablesmiteasuredat 1.4 m.

A I-test was performed to test the null hypothesisthat specific gravity (if

the 12.7 cm heartwoodcore at 6.7 m for loblolly and longleaf pine was similar
and specific gravity of the outer heartwoodand sapwoodat 6.7 m for loblolly
and longleaf pine was similar. A paired I-test was performedto test the null hy-
pothesisthatdiamiteterof heariwoodat 6.7 m wassimilar to diameterof heariwoodat

9 8 tit

Resultsand Discussion

Averagesite index for the longleafstandswas 22 tn coniparedto 26 m for the
foblolly stands.laihlolly pine treessampled(N 577) weregrowing at an average
rate(if 4)61 cmii diameterinsidebark (dib) at breastheightper yearcomparedto 048
cat for longleaf pine (N yr 519). Averageage(if the longleafsampledwas 75 years

c(IIilp~lretl to 64 yearsfor loblolly pineandthe longleafpine averaged34.5cm dhh
comparedt( 3() .4 cnt for the loblolly pine-

l-Ieartwood diameterat 6.7 tn was singiticantly correlatedwith tree age and
dhh (Tahle b. Average annualdiamnetergr(iwth at dbh was negatively correlated
with heatiwooddiameterat 6.7 at becausethe sampletreeswith the Inost heart-
woodweretheoldestandgrowing the slowest.The treecharacteristicthatwasmost
highly correlatedwith heatiwooddiameterat 6.7 m was(liameter(if heariwoodat
dhh.

Crown ratio had a significant hut low negativecorrelation with heartwood
dialneter at (i . 7 ni w h bh l I y r i tie but wasn it significantly correlatedf a h ingleaf
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fable I. Correlatiomiof diameter(If heariwoodat 6.7 ni
with tree andstandcharacteristicsbr lohIolly and longleaf
pi liC saltlpted in theSoutheasttin i ted States

tree .inI sland har;,cIen.shic

tirariwood diainelcr JI 6.7 in

Lohtotty pine Longtcar pnc

ii.i meter of heari wood at t 4 or

t)Ot t

Age

Hale of diameter growth

Crown class

Crown ratio

Site index

(onipel it VC i~d~

41.9O~
tt.67
tt.74~

— 41.42~
tIttt

— 41. t9~
41.117

— (I .414

4).$14~
tt.t42~
4t.77a
41 .60~

— 41.09
—41.13
—0.55~

4)15

ml tn,elali,w ai I’ I) Ill level

pine. Site index was n(it sigtiiticantly related to heartwooddiameterat 6.7 m tn

lohIolly pi~ie but wassignificantly c(irrelatedwith heatiwooddiameterin the long-
leaf pines. This significant negativerelationshipoccurredbecauseno old longleaf
standson good sites weresampled.andthe longleafstandswith themostheatiwood

were old standsgrowing on the poorest sites. Tree competitive index was not
signi lic;tntly correlatedwith hcartwoodformation.

Sa1iwood thicktiess at 6.7 m was significantly positively correlatedwith tree
rlhh. growth rate,crown rati(i. and site indexand negatively correlatedwith age,
ctowti class,andcomupetitiveindex.This indicates,asexpected,that younger.fast-

erowilie - codoatinantatid dominant treeswith large crowns on good sites with low
stockitie cotitain thickersapwoodthali older slow-growingtreeson heavily stocked

sItes.

Sitice mmlv 144 of the 577 loblolly pine and 129 (if the 519 longleafpine trees
were saluIJIedat 1.4 atid 6.7 at. the following regressionequationsweredeveloped
or predictitig diatueterof: hicariwood and sapwoodthicknessat 6.7 at for trees

sattipled at ly at 1.4 tug

I oblol lv Pitte

IIFART67 yr — 3.39469 + 0.13860 (DBH) + 0.02057 (AGE)
+ 0.63181 (HEARTI4)

5AP67 yr 1.69894 4 4)3(1171(I)BII) — 0.02239(AGE)

— 024512 (HEARTI4)

I . atgfcaf l’i lie

IIFART67 ~- — 5.46595 + 0.29272 (DBH) 4 0.02816(AGE)

+ 0.37194(HEARTI4)
5AP67 — 1.45933 + 0.27648(l)BH) — 0.01309(AGE)

— 0.20134(HEARTI4)
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where:

HEART67 = diameter of heartwood at 6.7 m in cm

SAP67 = thicknessof sapwoodat 6.7 m in ctn
AGE = tree ageat stump in years

I-IEARTI4 = diameter of heartwood at 1.4 m in cm

The heartwoodequationsaccountedfor 84% (if the variation in dianieterof
heartwoodat 6.7m inboth loblolly andlongleafpine(S~ = 1.0, P = 0.0001).The
sapwoodthicknessequationaccountedfor 73% of the variation in sapwoodin
loblofly pine (S~~ = 0.6, P = 0.001) and 65% of the variation in sapwoodin
longleafpine (S,,~ = 0.4, P = 0.0001).All treessampledat 6.7 m wereused to

developthe equations,thus theseequationsshould be testedbeforebeingappliedin
the field.

Theseequationswereappliedto eachtreesampledat 1.4 m to predictdiameter
of heariwoodand sapwoodthickness at 6.7 m. Average predicteddianieter of
heartwoodat 6.7 at increasedwith dbh and tree age(Table 2) andwith increasing

siteindex andage(Table3). Thus,theyoungesttreesto containsufficientheartwood
for normal RCW cavity excavation(=12.7cm) were the fastestgrowingtreeson the
best sites. Basedon the valuesshown in Table 2, sufficient heartwoodfor RCW
cavity activity doesnot occurin the averagecodominantor dominanttreeuntil age
60 in either speciesand then only in the largerdiameter trees.When predicted
diameterof hearawoodis averagedby site index andageclass,loblolly pinesthatare
=70yearsold on site index 27 m or bettersiteswill average=12.7cm heartwoodat
6.7 m (Table 3). At age class80, the averagecodominantand dominant loblolly
sampledon all site index sites containedsufficient heartwoodfor RCW cavity
activity. The averagecodominantordominant longleafpinessampledcontainsuffi-
cient heartwoodfor RCW cavity activity on all sites at ageclass90 (Table 3). The
heartwooddiametersshown in Tables2 and3 areaveragesanddo not show the
proportionof treessampledthat containedmore than averageheartwoodcontent.

Table 2. Average predicteddiameter(cm)of heartwoodat 6.7 at for
codominantanddotninant fohIofly andlongleaf pine hy ageanddbh class.

Dhh

CtaAA 40

Loblolly pieme
36 5.8
41 4.3

Age cl~sA tyrAt

50 60 70 80 90 1(81

8.9
9.7

t0.7
tt.7

t 1.2
tO.9

12.4
16.8

t3 5
t60

t4 7
t6 8

46 7.1
St

tO.4
9.9

12.7
14.7

t4.7
t3.7

16.8
20.8

t7 6
17.5

20
t9 6

Longleclf pine
36
4t
46
St

tO.7 11.2
t3.5
t5.2

t2.2
t3.S
t6.3
16.5

lt.9
t5.0
17.3
20.1

t4.5
15.7
16.3
21.8

t5.2
t5.7
I9.8
22.8
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lahlc 3. Average predicted diameter (cat) of heartwood at 6.7 at for

at i ((ant aiid dooi i nalit hh dl y aiid longlcal~pine hy ageandsite index.

no

Age class lyrAt

4(1 ‘4) 14) 7(1 11(1 91) tIll)

I,~ ~/,l,‘us pine
21
24
27
311
33

1.8
5.6
5.3
4.8

8.6
8.t

t0.7

11.2
ttA
tt.9
t2.2
11.7

111.9
94

ISO
t4.7
14.2

165

19 I
168

t7.3
15.5
t6.0
20.1
22.1

19.3
21.6
I7.O
20.8
25.4

Long/cal pine
[5
tX
21

9.9
8.9

9.1
I t.9
10,7

9.3
13.5
11.9

tt.9
12.4
14.2

12.7
15.2
t6.3

t5.3
17.1

24 4.8 7.9 11.2 13.2 12.2
27 4.0 7.6

At ageclass50, 0%—25%of the loblolly pinesgrowingon site index 24 m and
bettercontainedsuflicient heartwoodfor RCWcavity activity (Table4). However,
tiline ~tf the longleaf pine containedsufficient heartwoodfor RCW cavity activity
utitil ageclass60 becausethe longleafpinessampledat age50 were smallerdiame-
Icr treesthan the loblolly pinesat age50. The proportionof treescontainingsuffi-
cient licartwood for RCW cavity activity increasedwith increasingdbh, site index,
and age.

The thicknessof sapwoodat 6.7 tn for theaveragecodominantanddominant
tree decreasedwith increasingtree age and increasedwith dbh and site index.

table 4. Number of loblolly and longleaf pines sampledand proportion (%) that
contained-~ 12.7 cat of predictedheariwoodat 6.7 at by ageandsite index classesa.

Site

,,l4(t. S I I)

I~ /1 liv puss
21 (P151’
24 lt(19(

((Is)
((I 11(171
Il

IS
Ix
21
24
‘7

11(1

(112(1)
t5)

Age class lyrs)

4)) Ml 14) 711

Ill)

11)1291
1)117)

25(25)
tIll

11121

It))
(II t 9)

(1131

It) II

24145)
1(t( 3)))
511(21

25)18)
(1121

1417)
51)14)

221 231
271731

((II

2t1421
SI 01)

11)0121
56 I II
691 t6)

81 t3)
56~9)

471361
69(391

(It)

110 ‘41 tIxI

(1))
7514)

(I))
951 t91

(11113)

401 IS)
36125)

51112
67(3)

10)

83118)
75(24)
88118)
9(11 tIll

1111)(t2)

75(4)
8012)))

1(11)113)
It))
10)

(,.,(,,,,,n.,ni jo.) .hnn,nani or’

100(21)
83)6)

1(11113)
11)0(1 t)

11)0(3)

(1))
87(23)
1(11114)

It))
It))
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Loblolly and longleafpine that containedsufficient heartwoodfor RCW activity
averaged9.4 cm and 7.6cm of sapwood.respectively,the sameas was found at
cavity height in the cavity treessampled.

Specificgravity of the 12.7cminnerheartwoodcore of treescontaining=12.7
cm heartwoodat 6.7 at was22% lower for loblolly pine (0.41)comparedto longleaf
pine (0.50).Specificgravity of theouterheartwoodandsapwoodwas11% lower for
loblolly pine (0.46)comparedto longleafpine (0.51).The lower specificgravity (if

loblolly pine comparedto longleafpine is well documented(WahlgrenandSchu-
mann 1975). The specific gravity of the 12.7 cm heartwoodcore or juvenile wood
portion of the bole hasalsobeenreportedin other studies(Clark andSchmidtling

1989) to be significantly lower in loblolly pine (0.44)than in longleafpine(0.50).
The significantdifferences(P = 0.01)reportedin this study indicatethatthe heart-
wood core andouterheartwoodandsapwoodof the averageloblolly pine is softer

than that of theaveragelongleaf pine.
Theloblolly pinecavity treessampled(N = 7) average87 yearsold andhadan

averageof 20.3cm of heartwoodat anaveragecavity heightof 10.4 m. Thelongleaf
pinecavity treessampled(N = 13) averaged20.8 cm of heartwoodat an average
cavity heightof 9.1 at andwere on average124 yearsold.

The averagespecific gravity of the 12.7 cm heariwoodcoreof loblolly pine

cavity treeswith redheart(0.35)was lower than that of the loblolly pine studytrees
(0.41). The averagespecific gravity of the heartwoodcore of longleafpine cavity
treeswith redheartwasalso lower (0.45) than thatof thelongleafstudytrees(0.50)
but was higher than that of the loblolly studytrees(0.41). The averagespecific
gravity of theouterheartwoodandsapwoodwasthesame(0.46)for theloblolly pine
cavityandstudytreesbut higherin longleafstudytrees(0.51) comparedto longleaf
cavity treeswith redheart(0.46) or without redheart(0.43). Thesedifferencesin
woodspecificgravity suggestthe RCW might be ableto excavatefast-growinglow

specificgravity loblolly pine without redheartbut might preferto wait for redheartto
soften the averagelongleafpine. Once a cavity is excavatedin longleaf pine,
however,it might beusableby the RCW for alongerperiodof time becauselongleaf
is longer-livedthan loblolly pine.Thesedifferencesin wood speciticgravity are in
agreementwith thedecay:growthrate model for cavity tree selectionproposedby
Hooper(1988). Fast-growingpineshavealargerjuvenilewoodcorewhichcontains
a higherproportion of low specific-gravity earlywoodcells than do slow-growing
pines.

Theheight at which the RCW excavatescavitiesvariesbut averagesabout9.1
m in the Southeast.The diameterof heariwoodwas significantly smaller (P =

0.002)at 9.8 m (10.2 cm)comparedto that at 6.7 m (11.9cm) for the loblolly pine.
The diameterof heartwooddecreasedan averageof 0.18 cm per 0.3 m increase
in height above6.7 at. Thus, to containsufficient heartwoodat 9.1 at for n(irnlal
RCW cavity activity a tree must contain 14.2 cm of heartwoodat 6.7 m. The
averagecodominantanddominant loblolly pine did contain 14.2cm or more heart-
woodat 6.7 at at ageclass70 on site index 27 andbetter sites and for all sites by

age class80 (Table 3). The averagelongleafpine did not contain 14.2cni or more
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lieartwood ~it 6.7 m until age class9() and then only on site index 18 and better

Conclusions

l-Ieartwooddiametertncreasesstgnificantlywith treeageand tree sizein both

loblolly and longleaf pine. Fast-growingloblolly and longleaf pinesoccurringon
high quality sites will havethe highest probabilityof developingsufficient heart-
wood(=12.7cm at 6.7 m) for normal RCWcavity excavationat theearliestage.At
ageclassSO, 0%—25% of the loblolly pine growing on site index 24 m andbetter
sttescontainedsufficient heartwood(=12.7cm at 6.7 m) for red-cockadedwood-
peckercavity activity. Noneof the longleafpinecontainedsufficientheartwooduntil
ageclass60 becausethe longleafpinessampledat age50 were smaller diameter
treesthan the loblolly pines at age 50.

Speciesdifferencesin specific gravity of the heartwoodcore andouter heart-
wood and sapwood suggestthe RCW might be able to excavatefast-growing
loblolly pinewith no redheartpresentbutmight preferto wait for’cdheart‘odevelop
~i excavateaveragelongleaf pine.

Silvicultural practicesthat stimulate rapid growth of potential cavity trees
throughout the rotation but maintain naturalpruningare recommendedto enhance
heart wood format ion.
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